INTRODUCTION
The rare earth contents in various geochemical and biogeochemical samples have been extensively studied because of their diagnostic importance in geochemistry (Henderson 1984 , Taylor & McLennan 1988 . The occurrence of rare earth elements in peat, however, has not received such a wide interest. Only some of them are normally included in investigations dealing with trace element contents in peats (Virtanen 1993 , Markert & Thornton 1990 , Read & Hooker 1989 .
During the period of 1974-77 a large number of peat samples were collected from the Finnish mires and their trace element contents were investigated (Minkkinen & Yliruokanen 1978 , Yliruokanen 1980a , Yliruokanen 1980b , Yliruokanen 1981 . In this paper we present some results of rare earth contents of peat samples which were collected from areas where the bedrock consists of rapakivi granite, granite, or archean gneiss. Fig. 1 shows the locations of the sampled mires on the geological map of Finland. The density of sampling was 1-2 sites/km 2 . At each site a vertical profile was sampled, starting from the bottom of the mire. Samples were taken with a Hiller sampler (50 cm x 2.5 cm tube) at onemeter intervals (Minkkinen & Yliruokanen 1978 ).
X-ray fluorescence (XRF) spectrometry was used for the determination of Y, La, Ce, Pr, Nd and Sm contents in the ash of 399 peat samples from 26 mires. 29 samples were measured by spark source mass spectrometry (SSMS) by which the contents Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu were also obtained.
EXPERIMENTAL
The peat samples were ashed in 550 °C. The analytical samples for XRF spectrometry were prepared by pressing 40 mg of peat ash onto a filter- paper support. Calibration standards were prepared by mixing 0.5% Rare Earth L Standard (Spex Industries, Inc.) with three different types of synthetic peat ash with compositions that are shown in Table 1 . (Nieminen & Yliruokanen 1974) . Samples were mixed with an equal weight of Ringsdorff RW-A graphite powder and compressed to electrodes. Standards containing 50 or 250 ppm of each rare earth element in a synthetic plant ash were applied (Lounamaa 1956 ). Rhenium was used as an internal standard.
Correlation between results obtained by the two methods mentioned above was good. Correlation coefficients for the different rare earth elements ranged from 0.980 to 0.997.
RESULTS AND DISCUSSION
The bedrock on the sampling sites consists of either rapakivi granite, granite or archean gneiss. The median contents and ranges of Y, La, Ce, Pr, Nd and Sm in peat ashes from these areas are arranged accordingly in Table 2 . The data presented were obtained by XRF spectrometry. Also shown are the respective RE contents in post-archean Australian average shale (PAAS) (Taylor & McLennan 1988) . The RE contents in PAAS can be considered to represent those of the upper continental crust exposed to weathering and erosion. The median RE contents in the peat ashes from the different bedrock areas were roughly 1-6 times those in PAAS.
The chemical properties of peats depend on the compositions of the peat-forming plants, degree of humification and the mineral substances introduced from outside. The peat types of the now (Taylor & McLennan 1988 studied samples were mainly Carex (C) and Sphagnum (S) or their mixtures. In addition, some samples consisted of mixtures of C or S and Eriophorum, Equisetum and wood peat. The median ash content in C peats was 3.9%, C,S peats 3.2% and S peats 1.8%. Already Lounamaa (1956) showed that the Y contents in Finnish plants were highest in ferns, followed by lichens and mosses. Later, the RE contents in mosses and lichens gathered from different parts of Finland were determined (Erämetsä & Yliruokanen 1971) . Median contents of Y, La, Ce, Pr, Nd and Sm in the ashes of moss samples were 31, 52, 82, 10, 44 and 11 ppm, respectively, and those in lichens were almost the same. As compared with the median RE contents in the peat samples from granite areas, a remarkable similarity can be observed.
The highest median contents were found in the samples from the mires where the bedrock consisted of rapakivi granite. This observation is in accordance with the relatively high RE contents of rapakivi granite in the same area (Koljonen & Rosenberg 1974 , Vaasjoki & Rämö 1989 . For instance, in Lapinjärvi the La, Ce and Nd contents were reported to be 128, 270 and 100 ppm, respectively (Koljonen & Rosenberg 1974) . The average RE contents in granites in Finland are clearly lower compared to those in rapakivi granites. This is also reflected to the RE contents in peat samples from the granite areas.
Recently, Y and La contents in till from different bedrock areas have been reported (Koljonen 1992) . The average Y content in till from granite and archean gneiss areas was around 20 ppm. Hence the Y contents would have been expected to be similar in the peat samples from the respective areas. The median Y content in the peat ashes of samples from granite areas, however, was higher than in those from the archean gneiss areas. On the other hand, the La content in till from granite areas was about 30 ppm and in archean gneiss 20 ppm. Therefore the other RE contents would have been expected to be higher in the samples collected from granite areas, but were found to be higher in the samples from archean gneiss areas. The discrepancy between the expected and observed contents is likely due to differences in sampling. The peat samples represent local variations whereas the RE contents in till represent regional averages. The median Pr and Sm contents in the samples from the granite and archean gneiss areas were below the detection limits of XRF spectrometry.
In Tables 3-5 the median contents and ranges of Y, La, Ce, Pr, Nd and Sm in peat ashes from each of the sampled mires are shown. The following observations concerning some individual mires can be made. The Y contents were especially high at Leppisuo and Haisevasuo mires in Luumäki, where the bedrock was of rapakivi granite. At granite areas extremely high RE contents were found at Rajasuo mire in Mäntsälä, where high uranium contents have also been detected (Yliruokanen 1980a ). In the samples from Pitkästenjärvi mire nearby a similar phenomenon was discovered. Otherwise the median RE contents were close to those in PA AS. Among the mires sampled at archean gneiss area Vuonissuo mire in Lieksa exhibited the highest RE contents. The medians were comparatively high also at Säynäjäsuo mire in Kuusamo. Nothing definitive can be said about the Säynäjäsuo mire, though, since the number of samples was only 4, and only one profile was analysed. No correlation between the peat type and the RE contents in peat nor the ash content, that would explain the high RE contents found in some of the mires, could be detected.
In general, the rare earth contents were higher in the basal peat layers. The tendency observed in the vertical distributions is in relation with the low mobilities of the rare earth elements. This is illustrated in Fig. 2 where the vertical distribution of four rare earths in three sampling sites from the different bedrock areas are shown. The RE contents both in peat ash and dry peat are presented since the ash contents are often higher in the samples from the basal layers.
The contents of all RE elements in 29 peat ash samples were determined by SSMS and the results were normalised to chondrite (Taylor & McLennan 1988) . The abundance patterns for some samples are shown in Figures 3 and 4 . In most of the samples analysed in the rapakivi granite area a negative Eu anomaly was discovered. For example in Fig. 3 a strong anomaly can be seen in samples 106/10/550 and 107/2/400. Both of these samples were taken from the lowermost peat layer where the phenomenon is clearly pronounced as a result of reducing conditions. Near the surface the normalised Eu abundance becomes similar to the abundances of the other heavy rare earths. The same changes in Eu content vs. depth were detected in all the analysed samples from the rapakivi granite areas.
Normally, the RE abundance patterns in peat samples taken from rapakivi granite and granite areas resembled very much those of rapakivi granite and granite (Koljonen & Rosenberg 1974) . In the 8 patterns determined from three different mires situated at granite area the RE abundances were in general quite low. The heavy rare earths could not usually be detected by SSMS except in the samples from the Isosuo mire (105). The increase in RE content towards the basal layers can also be seen in the chondrite normalised abundance patterns. The RE contents were high in the samples from deepest sampling depths at Keihässuo (157) and Isosuo (105) mires, where the heavy RE element contents could also be determined (Fig. 4) . In a sample taken near the surface at Keihässuo mire, however, the contents of the RE elements heavier than Nd could not be determined even by SSMS. The abundance patterns for the samples from archean gneiss areas were quite similar to those from granite areas. The patterns were determined for 6 samples from Sarvisuo (216) and Kaitalammensuo (260) mires. The Y, La, Ce, Pr and Nd contents were similar to those in sample 157/7/100 (Fig. 4) .
CONCLUSIONS
The median RE contents in the samples from rapakivi granite, granite and archean gneiss areas were 1-6 times the RE contents in PA AS. The highest RE contents were found in peat samples from rapakivi granite areas whereas in the samples form granite and archean gneiss areas the medians were of the same magnitude. A strong negative Eu anomaly was discovered in the samples from rapakivi granite areas. In general the RE contents were highest at the basal peat layers.
